Background
Globally, the annual number of new HIV infections is declining, but the number of people living with HIV (PLHIV) is increasing. 1 Timely use of effective antiretroviral therapy has resulted in a normal lifespan for PLHIV. 2 In developed countries, the majority of PLHIV reside in a geographical location close to the concentration of clinical services. 3 However, in the general population, there are significant numbers of people moving from metropolitan to rural or coastal areas as they age due to perceived advantages in lifestyle and affordability. 4, 5 It is expected that PLHIV will follow this trend, given stable long-term treatment regimens and increased survival, which has led to a shift from inpatient to ambulatory care. 6 Generally, the clinical workforce with expertise in HIV management is undersupplied relative to the estimated number of PLHIV. 7 This is particularly evident within developing countries and also in rural areas of developed countries. 6 There are fewer clinicians in non-metropolitan areas with experience in complex HIV case management relative to cities. 8 The ability of PLHIV to access appropriate treatment during the acute and chronic phases of disease depends on accessibility, the level of clinical expertise and the capacity of the service (appropriate numbers of clinicians and opening hours). 3, 6, 9, 10 Provision of HIV clinical services, given the aging and increased geographical spread of PLHIV, is problematic. 6 Access to timely, high-quality services for diagnosis, prescription of antiretroviral therapy and the treatment of comorbidities affects long-term prognosis. 11 In order to assess current and future HIV clinical service needs, accurate estimates are required of the number of PLHIV and the capacity of existing clinical services. 6 The size of the clinical workforce is generally estimated from records of the number of registered clinicians, with or without specific HIV qualifications. 12 However, there is an increasingly multidisciplinary approach to HIV clinical management, with clinicians working part-time and at multiple clinical locations, and engaging in 'task-shifting' of duties to lesser qualified or experienced personnel in areas of workforce shortage. 13, 14 This introduces a challenge to obtaining accurate estimates of the size of the broader HIV clinical workforce. The aim of this study is to identify current and future areas of workforce shortage in Australia, implementing a novel method to estimate HIV clinical service capacity. We estimate the number of full-time equivalent (FTE) clinicians with expertise in HIV management by geographical region in 2010 and 2020 through the design and implementation of a new survey. These data are compared with estimates of the number of PLHIV during the same period from another study. 15 An application of geostatistical analysis methods are then used to identify areas that are significantly clinically undersupplied with HIV clinicians relative to the number of PLHIV. These data are critical to identify the locations of greatest supply-demand deficit and to inform locations where targeted training in HIV management for clinicians will be of most benefit.
Methods
In 2011, a seven-question survey was developed and sent to all hospital departments and sexual health services in Australia; and to community general clinicians that were registered with the Australasian Society for HIV Medicine or were working in formal HIV shared-care arrangements. Data was collected on the number of FTE doctors available to treat patients at each clinical location; the proportion of PLHIV among the case mix, the level of HIV expertise among staff and the capacity to take on additional PLHIV. Descriptive results are presented as frequencies and percentages. In the case of nonresponse, missing data on the number of hours worked by clinicians at a clinical location was imputed using hot-deck imputation. 16 In this method, missing data are replaced with observed data values from similar services, based on location (state or territory) and service type.
Estimates of the number of PLHIV in each statistical region of Australia in 2010 and 2020 were obtained from a separate study conducted by the authors. 15 Briefly, an agent-based simulation model was linked to the Australian National Registry of HIV diagnoses. In combination with data on internal migration patterns from the Australian Bureau of Statistics and Australian population mortality rates, the size of the population of PLHIV in Australia was estimated.
HIV clinical service capacity in Australia was estimated by statistical region (66 regions in total), as defined by the Australian Bureau of Statistics. The analysis was conducted in two phases: (i) a descriptive analysis where the number of clinicians was compared with the number of PLHIV by region and (ii) a geostatistical analysis to identify 'cold-spots' across the country where HIV clinical service capacity was significantly undersupplied relative to the number of PLHIV. HIV clinical service capacity was estimated for (a) 2010, assuming the current number of model-estimated PLHIV and reported clinicians by geographical location; and (b) 2020, assuming a model-estimated rise in the number of PLHIV and the current number of reported clinicians. The number of clinicians in Australia with expertise in HIV is not increasing. 17 The estimated proportion of PLHIV who live within a 15-km and 50-km radius of a HIV clinical service provider was calculated using spatial statistics in ArcGIS ver. 9.3 (Environmental Systems Research Institute Inc., Redlands, CA, USA). The 15-km distance was chosen to capture the majority of PLHIV, who live within inner-cities. However, a 50-km distance was also chosen to represent a country-wide scale.
The number of PLHIV was divided by the number of FTE clinicians to create an HIV service ratio for each statistical region, which reflects the number of PLHIV in a region per FTE clinician available with expertise in HIV case management. Regions were ranked based on thresholds of the HIV service ratio. Regions were considered 'well supplied' if they had less than 100 PLHIV per FTE doctor and at least 1 doctor; 'adequately supplied' if they had 100-499 PLHIV per FTE doctor, or no doctor and <100 PLHIV; 'undersupplied' if they had 500-999 PLHIV per FTE doctor, or no doctor and 100-499 PLHIV; or 'critically undersupplied' if they had at least 1000 PLHIV per FTE doctor, or no doctor and 500-999 PLHIV. Selfreported data of the capacity of a clinical location to take on additional PLHIV was used to inform these thresholds. A Respondents could select more than one answer.
Generally, among well supplied, adequately supplied, undersupplied and critically undersupplied regions, all, most, few and none of the services in the region reported being able to take on at least 25% more PLHIV, respectively. For regions that were categorised as being undersupplied or critically undersupplied, the HIV service ratio was used to calculate the number of FTE clinicians that would be needed in order to achieve an adequately supplied level.
For the geostatistical analysis, the latitude and longitude of each clinical location was obtained based on street address information published by Australasian Society for HIV Medicine. 18 Spatial Scan Statistics (SaTScan ver. 8.0, SaTScan, Boston, MA, USA) was used to detect 'cold-spots' where the number of FTE clinicians is significantly undersupplied relative to the number of PLHIV. This methodology is described in detail elsewhere. 19 Briefly, clustering algorithms were used to identify areas of clinical undersupply by allowing circular windows of various sizes to range continuously across the study region. At each location, the number of clinicians relative to PLHIV inside the window was compared with the ratio of clinicians to PLHIV outside the region. A statistical count-based (Poisson) model was used, where the number of FTE hours worked by clinicians in each region was scaled to a whole number that can be considered a 'count' of clinicians. For each circle, the likelihood was calculated for the alternative hypothesis that there is a decreased number of clinicians relative to the number of PLHIV inside the circle against the null hypothesis that the HIV clinical service capacity is the same inside the circle as outside. A cold-spot (or cluster) was detected within a defined geographical area if the area has a disproportionate lack of clinicians when compared with neighbouring areas under study. Potential clusters were rank-ordered according to the likelihood of clinical undersupply. A significant P-value indicates that HIV clinical capacity in this region is significantly lower than in other study areas.
This study was approved by the University of NSW Human Research Ethics Committee (reference number 2010-7-51).
Results
The survey response rate was 54.8% (148 out of 270). The response was highest for hospital specialists and community sexual health clinicians (63.3% and 65.8% respectively), and was lowest for community general clinicians without HIV qualifications (25.9%). Table 1 summarises survey data for each clinical location. Most services had fewer than 5% of their case mix that were PLHIV (33.1%); 13.5% had greater A The number of additional full-time equivalent doctors that would need to be trained in order to bring the region to an adequately supplied level (i.e. fewer than 500 PLHIV per full-time equivalent doctor).
than 40% that were PLHIV. The majority of services provided management of complex HIV cases (60.8%); however, 4.1% reported that they referred patients elsewhere after diagnosis. Although 14.2% of services did not have the capacity to take on any additional PLHIV, 31.8% of services could take on 50% more PLHIV. The main barriers to taking on additional PLHIV were clinicians being too busy and inadequate infrastructure. In 2010, an estimated 2074 PLHIV resided in statistical local areas more than 15 km from a HIV service (9.7% of all PLHIV) and 485 PLHIV resided in statistical local areas more than 50 km from a HIV service (2.3% of all PLHIV). By 2020, this is estimated to rise to 3419 (11.5% of estimated PLHIV in 2020) and 807 (2.7% of all PLHIV in 2020) for 15 km and 50 km, respectively. In 2010, the inner suburbs of Melbourne had approximately three times the number of PLHIV per FTE clinician than the inner suburbs of Sydney.
Areas undersupplied and critically undersupplied with HIV clinicians are listed in Table 2 , with the number of additional FTE clinicians needed achieve adequate supply. Areas of greatest HIV clinical undersupply in 2010 are central northern Sydney and western New South Wales, the Queensland mid-north coast and the outer suburbs of Melbourne. At the current estimated rate of increase in PLHIV, additional areas that will become critically undersupplied by 2020 include south-west Sydney, the outer suburbs of Brisbane and Western Australia (particularly in mining regions to the south and west of Perth). Areas of undersupply for 2010 and 2020 are displayed in Figs 1 and 2 respectively. The number of additional FTE clinicians that would need to be trained in order to bring critically undersupplied regions to an adequate level ranges from 0.6 in Wide-Bay Burnett (2010) to 5.2 in outer western Melbourne (2020).
Geostatistical analysis confirmed statistically significant cold-spots in the main areas that were identified as being undersupplied with HIV clinicians in the descriptive analysis. Seven significant clusters were identified (each with P < 0.0001) as follows: (1) south-east Melbourne (inner eastern, southern, outer eastern, south-eastern and Mornington Peninsula), (2) north-west Melbourne (outer western, north-western), (3) outer Brisbane (city outer ring, north Brisbane Statistical Division (BSD) balance, Sunshine Coast, West Moreton, Wide Bay-Burnett), (4) north of Sydney (central northern Sydney, northern beaches, Gosford-Wyong), (5) south Sydney (St George-Sutherland, Canterbury-Bankstown), (6) south-east Queensland (Gold Coast, south and east BSD balance) and (7) Western Australia (lower western). Some clusters are concentrated, such as St George and CanterburyBankstown, with a geographical radius of 15.7 km. Other clusters are more generalised, such as outer Brisbane, with a radius of 244.6 km. The average cluster size was 81.7 km. These clusters are displayed in Fig. 3 
Discussion
In this study, we have demonstrated a novel application to identify locations where HIV clinical expertise is undersupplied. In Australia, it is estimated that in 2010, 12 regions were undersupplied (18.1%) and five regions were critically undersupplied (7.6%). By 2020, we estimate that this will shift to 11 regions that are undersupplied (16.7%) and nine regions that are critically undersupplied (13.6%). These areas correspond to seven statistically significant 'coldspots' of HIV clinical service deficit identified using geostatistical analysis. To our knowledge, this is the first study to apply this method to clinical service planning. These results are consistent with current knowledge of HIV in Australia. The concentration of PLHIV and of HIVspecific clinical services is situated in inner-city Sydney and Melbourne. Clusters of clinical undersupply in the outer suburbs of Sydney and Melbourne reflect the natural spread of individuals in a mature epidemic. 6 Driving forces behind this geographical shift are likely to be the aging population of PLHIV and decreased housing affordability. As the population of PLHIV reaches retirement age, increased clinical expertise will be required to treat age-related comorbidities in the context of HIV infection. 6 A significant challenge for HIV service planning will be to not only maintain HIV clinical expertise in regional areas, but also to increase the ability to manage complex HIV treatment and comorbidities in these locations.
Across all regions in this study, we estimated that there were 343 FTE clinicians with training in HIV management. The number of additional FTE clinicians that would need to be trained in order to bring all regions to an adequate level of supply is 22 in 2010 and 38 by 2020. This corresponds to a required increase of 6.4% in 2010 and 11.1% by 2020. Much of the required increase in HIV service capacity is located in areas which are not serviced by major hospitals or sexual health services. In regional and remote areas, many PLHIV are required to travel large distances to access HIV services. Most existing clinical locations in this study indicated that they had the capacity to take on additional PLHIV as patients (85.1%). However, most services also reported that there existed barriers to treating additional PLHIV, such as a lack of clinicians and infrastructure.
Determining priority areas for action to improve HIV clinical service capacity is challenging. 20 In the Australian context, regional and remote areas should be prioritised for increased HIV clinical service training over outer metropolitan areas. Even though there are fewer PLHIV in these regional and remote regions than in outer metropolitan areas, the areas that have the highest capacity to benefit from increased service capacity are regional and remote areas with increasing populations of PLHIV. Alternative models of care, with increased training for shared-care clinicians and sexual health nurses outside of metropolitan areas, are likely to be the most appropriate model in some cases. To our knowledge, this is the first study to estimate countrywide HIV clinical service capacity, taking into account smallscale geographical differences and the number of hours worked by clinicians. However, there are some limitations to the study. The overall response rate was 54.8% and imputation was used to estimate the number of hours worked by clinicians in these cases. Imputation was essential in this study to differentiate locations were there were no clinical services from locations where there were clinical services that did not respond to our survey. However, the large proportion of imputed results may lead to bias. Additionally, this study is subject to limitations in the estimates of the number of PLHIV. The model used to generate these estimates is based on the movement patterns of the general Australian population, which may not accurately reflect the movement of the population of PLHIV.
Conclusions
In this study, we utilise a novel methodology to identify areas of HIV clinical undersupply in a developed setting. Using this method in Australia, we identified seven geographical clusters that are significantly undersupplied with HIV doctors relative to the number of PLHIV. Training of clinicians in HIV case management and shared-care clinicians should be directed towards these areas, particularly locations in rural and remote areas.
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